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摘  要 








L-Phe 的工艺以及大规模生产 L-Phe 提供理论依据。 
论文先对有机溶液萃取分离 L-Phe 作了比较系统的研究：以磷酸二（2-乙基
己基）脂（D2EHPA）为萃取剂，环己烷为稀释剂萃取 L-Phe，研究了 L-Phe 浓
度、D2EHPA 浓度、温度对萃取分配系数 D 的影响，以及负载 L-Phe 有机相的
反萃取特性。结果表明：萃取分配系数 D 随温度的升高而降低，而 L-Phe 浓度
对分配系数的影响还与水相初始 pH 值有关；萃合物是以一个 L-Phe 分子和二个
D2EHPA 分子结合而成。在利用酸溶液对负载 L-Phe 有机相的反萃取过程中，反
萃取的效果符合 HCl > HNO3 ≥ H2SO4 > CH3COOH，且随 HCl 浓度和温度的升高
而升高。 
然后研究了游离重组大肠杆菌细胞生长特性，结果表明：在游离培养的情况
下，培养 12 h 时即可达稳定期，葡萄糖也在这一时间段内被迅速消耗，到 14 h







L-Phe，先是确定了有利发酵过程的微胶囊制备浓度：12～14 g L-1 的 CMC，8～
















在的情况下稳定性非常差，其中以 12.0 g L-1 CMC、10.0 g L-1 SA、100.0 g L-1 
CaCl2 制备得到微胶囊的稳定性相对较好。最后考察以 12.0 g L-1 CMC、10.0 g L-1 
SA、100.0 g L-1 CaCl2 制备得到的微胶囊固定化重组大肠杆菌萃取发酵生产
L-Phe 的情况，结果表明：由于受传质的影响，SA-CMC/CaCl2 微胶囊固定化培
养的延迟期延长了 2 h 左右，但最终的菌体浓度略为升高；另外在生长末期，微
胶囊固定化情况下的 L-Phe 没有明显的消耗；同时，在 0 h 时加入萃取剂的微胶






考虑传质因素，认为以 3%的 NaCS，4%的 PDMDAAC 制备得到微胶囊用于固定
化重组大肠杆菌培养更好。研究以 3%的 NaCS，4%的 PDMDAAC 制备得到的微
胶囊固定化重组大肠杆菌萃取发酵生产 L-Phe，结果表明：由于 NaCS-PDMDAAC
微胶囊囊膜非常致密，受传质影响，NaCS-PDMDAAC 微胶囊固定化培养的延迟
期比游离培养延长了 4 h 左右，比 SA-CMC/CaCl2 微胶囊固定化培养延长了 2 h
左右，而且最终的菌体浓度相对偏低、葡萄糖并未完全消耗，最终的残糖浓度约
为 4 g L-1 左右；另外，在生长末期，L-Phe 不存在消耗过程；同时，在 0 h 时加
入萃取剂的微胶囊固定化萃取发酵产量约为 12.50 g L-1 L-Phe；22 h 的产量约为


















As one of the eight amino acids essential to human being, L-Phenylalanine 
(L-Phe) is an important organic compound intermediate, which can be widely used 
in food industry, medicine, and chemical engineering. It is a major food additive and 
anticancer medicament intermediate. What is more, it is the raw material of 
aspartame synthesis, which made it widely demanded in the market. 
Fermentation by immobilized cells is one of the broadly used ways to produce 
L-Phenylalanine. In this study, two innovative immobilized systems —— 
SA-CMC/CaCl2 and NaCS-PDMDAAC microcapsule systems were used to 
immobilize recombinant E. coli for the extractive fermentation of L-Phe.  
The extraction of L-phenylalanine using di-(2-ethylhexyl) phosphoric acid 
(D2EHPA) as extractant and cyclohexane as diluent was studied firstly. The factors 
that influence the L-Phe extraction process such as the concentration of L-Phe and 
D2EHP, the pH value and the temperature as well as back-extraction were 
investigated. The results showed that the distribution coefficient decreased with 
increasing temperature and depended on the concentration of L-Phe and the initial 
pH value of aqueous phase. The study of the mechanism of the extraction process 
indicated that the extraction complex might be composed of one L-Phe molecule and 
two D2EHPA molecules. The effect of acids on the back-extraction process of L-Phe 
was proved to be HCl>HNO3≥H2SO4>CH3COOH, and the back-extraction ratio 
increased with increasing HCl concentration and temperature. 
Then the study on growth characteristics of free recombinant E. coli showed 
that the cells could reach the stationary phase after 12 h of cultivation and glucose 
was rapidly consumed during this time and completely consumed at 14 h. The yield 
of L-Phe reached its maximum value at 10 h but decreased afterwards maybe 
because of the consumption by free cells at stable time. The extractant was harmful 
to recombinant E. coli, so in later studies direct contact of cells to the extractant 















and NaCS-PDMDAAC microcapsule systems were used in the extractive 
fermentation of L-Phe by recombinant E. coli for they had good biocompatibility. 
The growth behavior of recombinant E. coli in SA-CMC/CaCl2 microcapsules 
prepared by using different concentrations of the components was examined. From 
the above investigations, The suitable concentrations for the preparation of 
SA-CMC/CaCl2 microcapsules was proved to be (g L-1) CMC 12-14，sodium 
alginate (SA) 8-10 and CaCl2 80-100. By investigation of the disruption rate of 
microcapsules at different concentrations of preparation, the results showed that 
SA-CMC/CaCl2 microcapsules were very unstable under the presence of extractant 
solvents. The relatively preferable concentrations were ( g L-1): CMC 12.0, SA 10.0, 
and CaCl2 100.0. The results of the extractive fermentation using recombinant E. 
coli immobilized in the microcapsules prepared at the concentrations mentioned 
above showed that the stationary phase of the microencapsulated cells delayed 2 h 
compared with the suspension cultivation due to the mass transfer problem. 
However, the biomass was a little higher. In the meanwhile, 1.70 and 10.40 g L-1 
L-Phe could be obtained by adding the extractant at 0 and 14 h of the extractive 
fermentation, respectively.  
NaCS-PDMDAAC microcapsule system used for the extractive fermentation 
was also studied. The suitable concentrations for the preparation of the 
microcapsules were 3%-4%(v/v) NaCS and 4%-5% PDMDAAC. By investigation of 
the disruption rate of the microcapsules at different concentrations of preparation, 
the results showed that NaCS-PDMDAAC microcapsules were very stable and were 
not influenced by the extractant. Considering the fact of mass transfer, 3% NaCS and 
4%PDMDAAC were suitable for the preparation of the microcapsules to immobilize 
recombinant E. coli. The results showed that because the membrane of the 
NaCS-PDMDAAC microcapsules were very compact, the stationary phase of the 
immobilized cells was reached 4 h later than free cell culture. The ultimate biomass 
was lower and glucose was not completely consumed, and the rest concentration of 
glucose was 4 g L-1. Moreover, at final stage, there was no consumption of L-Phe. In 















at 0 and 22 h of the extractive fermentation, respectively.  
 































酸甲酯（简称：α-APM）的商品名，它是由 L-天门冬氨酸(L-Aspartic acid)与 L-
苯丙氨酸(L-Phenylalanine, L-Phe)二种氨基酸结合而成的缩二氨酸(Dipeptide)甲






1.1 L-Phe 概况 
1.1.1 L-Phe 的理化性质 
L-Phe 化学名 L-α-氨基-β-苯丙酸(L-α-Amino-β-Phenylpropionic Acid)，分子
式 C9H11NO2，分子量 165.19，比旋光度 35.1° (水中)，等电点 5.48，熔点 283 ℃
（分解），为白色结晶或白色结晶性粉末，稍有苦味，在水中溶解度随温度升高


















需要量为 31 mg kg-1，幼儿为 16.9 mg kg-1。它最初是在 1879 年由 Sgholze 和
Barbieri 发现并且从羽扁豆中分离出来的，它广泛存在于各种动植物蛋白质中，
在动物体内它可以经苯丙氨酸羟化酶催化转化为 L-酪氨酸[9-10]。 

















求量为 30,000 t，且以每年 10%-15%的速度增长，实际年产量在 14,000 t，其中
美国年产量约 6000-7000 t，西欧约 4200 t，日本约 2600 t。主要生产商有美国
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